Picea chihuahuana, which is endemic to Mexico, is currently listed as "Endangered" on the Red List. Chihuahua spruce is only found in the Sierra Madre Occidental (SMO), Mexico. About 42,600 individuals are distributed in forty populations.
relationships between genetic diversity, population size, and the climatic, soil and dasometric variables. Results. The discriminant analysis revealed 22 highly significant variables, which separated the southern, central and northern populations. The mean genetic diversity of P. chihuahuana was significantly correlated with the mean temperature in the warmest month. Genetic diversity of P. chihuahuana calculated with putative adaptive AFLP was not statistically significantly correlated with any environmental factor.
Finally, no significant correlations were observed between any of the three genetic diversity indices and population size. Discussion. At least three different ecotypes of P. chihuahuana probably exist, as local adaptation may take place because of the different environmental conditions. Therefore, future reforestation programs should take into account these different ecotypes and environmental conditions. 64 classified into three distinct clusters in the SMO of the two States (south, center and north), each 65 group separated by a distance of about 300 km (Mendoza-Maya et al., 2015) . The total area 66 covered Chihuahua spruce trees is less than 300 ha (Simental-Rodríguez et al., 2014) . Picea 67 chihuahuana is commonly associated with species of the genera Pinus and Quercus, and 68 occasionally with species of the genera Abies, Pseudotsuga, Cupressus, Populus, Juniperus and 69 Prunus (Gordon, 1968; Wehenkel et al., 2015) .
70
Several factors threaten P. chihuahuana populations, including the low reproductive 71 capacity resulting from high levels of self-fertilization and mating between closely related 72 individuals (Ledig et al., 1997) . Harvesting, grazing and forest fires have also contributed to 73 reducing the population sizes (Ledig et al., 1997) . Recent research has revealed problems of 74 genetic erosion in one population (Wehenkel & Saenz-Romero, 2012) . 
81
In a recent study, Mendoza-Maya et al. (2015) suggested assisted migration as an 82 alternative to the ex situ conservation of P. chihuahuana, taking into consideration the genetic 83 structure and diversity of the populations and also predictions regarding the future climate of the 84 habitat. However, detailed background information is required to enable development of plans 85 for protecting and conserving species and for successful assisted migration. Thus, it is important 86 to identify differences between populations in relation to environmental conditions (Aguilar-Soto 87 et al., 2015) . The vitality and genetic diversity of populations, which affect vigour, evolution and 88 adaptability of the species, must also be considered (Frankham, Ballou & Briscoe, 2002; Reed & 89 Frankham, 2003) . In this study, we examined the P. chihuahuana tree community growing in 90 fourteen different locations, with the overall aim of discriminating the populations and clusters of 91 this unique tree species. For this purpose we: i) determined 69 climatic, edaphic and dasometric 92 variables (as proxies for tree health) and genetic diversity indices and tested them for any 94 In each location, a soil sample (250 g) was collected at a depth of 0 to 15 cm at the base 111 of the stems of four Picea chihuahuana trees and at the base of four specimens of Pinus 112 strobiformis, Pseudotsuga menzesii and Populus tremuloides (when present). The four soil 113 subsamples for each species in each location were combined to make a 1,000 g sample (35 114 samples in total) for analysis of 27 edaphic variables. The texture (relative proportion of sand, 115 silt and clay), water flow (cm/h), concentration of calcium carbonate (CaCO 3 ), pH (CaCl 2 , 0.01 116 M), concentrations of K (ppm), Mg (ppm), Na (ppm), Cu (ppm), Fe (ppm), Mn (ppm), Zn (ppm) 117 and Ca (ppm) in the soil were determined by the methods described by Castellanos, Uvalle-118 Bueno & Aguilar-Santelises (1999). Phosphorus (P) (ppm) was determined by the method of 119 Olsen et al. (1954) . Nitrate (NO 3 ) (kg /ha) was determined by the method of Baker (1967) and 120 the relative organic matter (OM) contents were determined by the method of Leon & Aguilar 123 proportions (%) of oxygen, hydrogen, Ca, M, K and Na in the CEC were estimated on the basis 124 of the Ammonium Acetate Method (pH 8.5). The soil variables are described in Table 2 . Fourteen dasometric variables were considered as vitality parameters (Ledig et al., 2000) 139 (Table 4 ). For each plot and for each of the four tree species (Pinus strobiformis, Pseudotsuga 140 menzesii, Populus tremuloides and Picea chihuahuana) we estimated the basal area (G sp ), 141 diameter at breast height (DBH sp ), height (H sp ), maximum diameter at breast height (DBH max,sp ), 142 maximum height (H max,sp ). For each plot we also estimated the following variables considering 143 together the all tree species per plot: total diameter at breast height (DBH tot ), total height (H tot ).
144 Besides we registered the total maximum diameter at breast height for all tree species per 145 location (DBH max,tot ) and total maximum height for all tree species per location (H max,tot ), 146 according to Assmann (1970) . We also estimated the total number of individuals of each of these 147 four tree species per plot (N sp ), quadratic DBH of each of these four tree species per plot (D g,sp 156 sampled for analysis of the genetic diversity of the Picea chihuahuana tree community.
157
The DNA was extracted using the DNeasy 96 Plant Kit (QIAGEN). The amplified 
172
The AFLP data were used to calculate three genetic diversity indices (Table 5) 177 where p is the relative frequency of a variant from the i to the j locus. The value of DW is 179 to equalize dissimilar sample sizes, the values of the three diversity indices were multiplied by a 180 correction term (N/(N-1)) (Gregorius, 1978) .
181
The species richness variables (ν sp,0 ), Simpson index (ν sp,2 ) and number of prevalent tree 182 species (ν sp,inf ) were taken from Simental-Rodríguez et al. (2014) (Table 5 ).
183
The values of the three genetic diversity indices were also calculated for putative AFLPs 184 under natural selection (outlier AFLP) detected in Picea chihuahuana. These outlier AFLPs were 185 taken from Simental-Rodríguez et al. (2014) , 1991; Polit, 1996) .
205

Spearman correlations
Spearman's correlation test (Hauke & Kossowski, 2011) was used to analyze the 207 relationships between genetic diversity, population size (taken from Ledig et al. (2000) The discriminant analysis of the P. chihuahuana tree community revealed the following 231 (Table 7) : 
238
On the other hand, the discriminant analysis of three groups of P. chihuahuana populations 239 indicated that (Table 7) After Bonferroni correction, the mean genetic diversity v 2 of Picea chihuahuana was 250 significantly correlated with the mean temperature in the warmest month (ºC) (Mtwm) (p = 251 0.0002) (Table 8, Figure 5 ). Genetic diversity of P. chihuahuana calculated with putative 252 adapted AFLP markers was not statistically significantly correlated with any environmental 253 factor. Finally, no significant correlations were observed between any of the three genetic 254 diversity indices and population size.
Discussion
256 The study's findings show that the southern, central and northern Picea chihuahuana populations 257 and locations of the P. chihuahuana tree community are characterized by different climate and 258 soil conditions. Eleven climate and nine soil variables were identified as important for separating 259 the three groups and explained almost 100% of the variability (Table 6 ). However, the most 260 important climate variables for differentiating the P. chihuahuana populations were the mean 261 maximum temperature in the warmest month and the summer precipitation balance (Fig. 2) . This 262 is not a novel finding. Several authors have reported that the distribution of species and 263 provenances depends both on the climate and the soil (e.g. Ellenberg 1996 , Härdtle et al., 2004  264 Soberon & Peterson, 2005; Sánchez et al., 2007; Flores-Rentería et al., 2013) . 265 The tree basal area (G tot ) was significantly lower in the northern locations of the P. chihuahuana 266 tree community, in which the maximum temperatures (Mmax and Mtwm) were also highest 267 (Table 6 ). Hence, the climate conditions strongly restricted biomass production and therefore the 268 vitality of these locations. This was also observed by Ledig et al. (2010) who identified the 269 northern locations as the first group that may be threatened with extinction in some climate 270 change projections. 271 The genetic diversity across all AFLPs studied was found to be an important variable separating 272 the three populations of Picea chihuahuana under study. It was significantly correlated with 273 Mtwm (Tables 6 and 8, Figure 5 ), but not with the population size. By contrast, the genetic 274 diversity among the putative adaptive AFLPs was not significantly related to other variables. The 275 relationships observed were probably not determined by selection, but by differences in the 276 degree of isolation, which would influence gene flow and genetic drift. The northern populations 277 are much closer (about three km of mean distance between the 11 documented populations in the 278 Municipality of Bocoyna, Chih., minimal 0.5 km, maximal 13 km to each other) to each other 279 than the southern populations are (Ledig et al. 2000) , which may lead to greater genetic 280 exchange and a lower tendency for genetic drift and inbreeding and, thus, to a higher level of 281 genetic diversity (Hamrick, Godt & Sherman-Broyles, 1992; Ledig et al., 1997) .
282 Jaramillo-Correa et al. (2006) also found that the diversity of cpDNA in P. chihuahuana 283 decreased from northern to southern areas (with the highest to the lowest Mtwm, respectively).
284 These authors assumed that genetic drift, rather than selection, was the main factor determining 285 the population diversity in Chihuahua spruce. Moreover, the observations of Ledig et al. (1997) , 286 based on isozyme analysis, also suggest the importance of drift and inbreeding in the recent 287 evolution of this tree species. Table 2 . 
